 ........................................................................................ 
S2.2. Preparation of [L C iPr P(pyr) 2 ][OTf] (3b[OTf])
A solution 3.5-dimethyl-trimethylsilyl-1-pyrazole (1.95 g, 11.6 mmol, 2.5 equiv.) in 10 mL of CH 2 Cl 2 is added to a solution of 2b[OTf] (2 g, 4.6 mmol, 1 equiv.) in 10 mL of CH 2 Cl 2 . The reaction mixture is stirred for 16 h. By addition of n-hexane, filtration and washing with n-hexane, 3b[OTf] is obtained as a colorless, air and moisture sensitive solid. Suitable crystals for X-ray diffraction analysis can be obtained by layering a THF solution with n-hexane at -30°C. 
Yield

S2.3. Preparation of [L C iPr P((PhP) 2 C 2 H 4 )][OTf] (4a[OTf])
A solution of 1,2-bis(phenylphosphaneyl)ethane (60 mg, 0.24 mmol, 1 equiv.) in 2 mL of fluorobenzene is added to a solution of 3a[OTf] (121 mg, 0.24 mmol, 1 equiv.) in 4 mL fluorobenzene. The reaction mixture is stirred for 16 h. After concentration in vacuo, n-hexane is added to give 4a[OTf] as an oil. After washing several times with fluorobenzene and n-hexane, the product is obtained as a colorless, air and moisture sensitive solid. Suitable crystals for Xray diffraction analysis can be obtained by diffusion of n-hexane in a CH 2 Cl 2 solution at -30°C. ppm; 1 J(P A P X ) ≈ 1 J(P B P X ) = -224 Hz); isomer B: (δ(P A ) = -39.9 ppm, δ(P A ) = -38.8 ppm δ(P X ) = 6.7 ppm; 1 J(P A P X ) ≈ 1 J(P B P X ) = -213 Hz) resulting from two conformational isomers ( Figure S3 ). The ratio of isomer A and B is 4:1 indicating A as the energetically favorable conformer with a barrier of 57 kJ/mol for the pseudo-rotation process determined by variable temperature NMR measurements. [6] Energetic barrier calculation: [7] ∆ ≠ = −1.91 · 10 −2 · (10.32
S2.4. Preparation of [L C iPr P((PhP) 2 C 2 H 4 )][OTf] (4b[OTf])
With a coalescence temperature of T c = 310 K and a difference of the chemical shift of the two conformers of Δv = 651 Hz, a rate constant of k c = 1446 Hz results, which leads to a free activation enthalpy of ∆ ≠ ≈ 57 kJ/mol for the conversion between the two conformers. 
S2.5. Preparation of [(Ph 2 P) 2 (L C
S2.6. Alternative synthesis of 7a[OTf]
A solution of HPPh 2 (75 mg, 0.4 mmol) in 1 mL PhF was added dropwise to a solution of 3a[OTf] (100 mg, 0.2 mmol) in 2 mL PhF .The reaction mixture was stirred for 45 min at room temperature, accompanied by a formation of an off white precipitate. The suspension was filtered and the precipitate washed with fluorobenzene (2 x 1 mL). All volatiles were removed in vacuo and 7a[OTf] 2 was obtained as colorless, air and moisture sensitive powder. Yield: 29 mg (29%). 
Proposed mechanism for the formation of 5b[OTf]
We believe that the formation proceeds via a first protolysis step with one equivalent of HPPh 2 to form pyrH and L c iPr P(PPh 2 )pyr [OTf] (8b + ), which is detected by 31 P{ 1 H} NMR spectroscopy with its characteristic AX spin system (δ(P A ) = -24.0 ppm, δ(P X ) = 5.7 ppm,
( 1 J(P A ,P X ) = -130 Hz) ( Figure S7 ). This diphosphane subsequently reacts with HPPh 2 either via another protolysis reaction to form an (6b + ) exhibits an AX spin system in the 31 P{ 1 H}-NMR spectrum with δ(P A ) = -108.7 ppm, δ(P X ) = -23.5 ppm ( 1 J(P A ,P X ) = 141 Hz) ( Figure   S7 ). The driving force of this reaction is the subsequent formation of P 2 Ph 4 and pyrH from condensation of pyrPPh 2 and HPPh 2 . 
S2.8. Alternative synthetic approaches for 5b[OTf]
Figure S10. 31 Hz (5b + ). Variable temperature 31 P{ 1 H}-NMR measurements in order to investigate the complex behavior in solution resulted in observation of significant line broadening of the P X resonance at 245K ( Figure S12 ). Therefore we assume a rapid exchange of the copper atom between the phenyl substituted phosphorus atoms. Variable temperature 31 P{ 1 H}-NMR-measurements in order to investigate the complex behavior in solution resulted in observation of an AX 2 spin system even at 240 K ( Figure S13 ). Therefore, we assume rapid exchange of the silver atom between the phenyl substituted phosphorus atoms.
S2.9. Preparation of [[LC iPr P(PPh2)Cu(CH3CN)3]][OTf] 2 (10[OTf] 2 )
S2.10. Preparation of [LC
S2.11. Reaction of [L C iPr P(PPh 2 ) 2 ][OTf] (5b[OTf]) with CuCl
A solution of CuCl (9.5 mg, 0.10 mmol, 1 equiv.) in 1 mL THF is added to a solution of 5b[OTf] (190 mg, 0.30 mmol, 1 equiv.) in 2 mL THF. The reaction mixture is allowed stir for 2 h. The resulting suspension is filtered and the residue dissolved in CH 3 CN. The 31 P NMR investigation shows, that the residue consists of unreacted 5b[OTf] and a complex mixture of products, which we are not able to identify ( Figure S14 ). Figure S14 . 31 
S2.13. Reaction of [L C iPr P((PhP) 2 C 2 H 4 )][OTf] (4b[OTf]) with AuCl(tht)
A solution of AuCl(tht) (95 mg, 0.30 mmol, 1 equiv.) in 1 mL CH 2 Cl 2 is added to a solution of 4b[OTf] (190 mg, 0.30 mmol, 1 equiv.) in 2 mL CH 2 Cl 2 . The reaction mixture is allowed stir for 16 h. The solvent is removed in vacuo and the residue is washed with THF. The 31 P NMR investigation shows, that the residue consists of tetracation (L C iPr P) 4 [OTf] 4 (-55.8 ppm), while the spectrum of the THF solution reveals a complex mixture of products which we are not able to identify ( Figure S14) . The resonances at -74.8 ppm, 38.3 ppm and 108.4 ppm with an integral ratio of 1:1:1 indicate a chloride induced P-P bond cleavage, but we were not able to isolate the respective compound. After stirring for 1 day a yellow precipitate is formed which can be isolated by filtration. The residue is washed with THF and dried in vacuo. The 31 P NMR spectrum of the yellow solid material dissolved in CD 2 Cl 2 reveals a complex mixture of products, which we are not able to identify. The 31 P NMR spectrum is depicted in Figure S18 . 
S3. Crystallographic details
Suitable single crystals were coated with Paratone-N oil or Fomblin Y25 PFPE oil, mounted using a glass fiber and frozen in the cold nitrogen stream. X-ray diffraction data were collected at low temperature as indicated in Table S3 on a Rigaku Oxford Diffraction SuperNova diffractometer using Cu K α radiation ( λ = 1.54184 Å) or Mo K α radiation ( λ = 0.71073 Å) generated by a micro-focus source.
The data reduction and absorption correction was performed using CrysAlisPro. [8] For further crystal and data collection details see Table S3 . The structures were solved using Olex2 [9] with the SHELXT package [10] and were refined with SHELXS. [11] Hydrogen atoms bonded to carbon atoms were added to the structure models on calculated positions using the riding model. Images of the structures were produced with Olex2 [9] software. 
